Cellular subpopulations in the bone marrow play distinct and unexplored functions in skeletal homeostasis. This study delineated a unique role of osteal macrophages in bone and parathyroid hormone (PTH)-dependent bone anabolism using murine models of targeted myeloid-lineage cell ablation. Depletion of c-fms + myeloid lineage cells [via administration of AP20187 in the macrophage Fas-induced apoptosis (MAFIA) mouse model] reduced cortical and trabecular bone mass and attenuated PTHinduced trabecular bone anabolism, supporting the positive function of macrophages in bone homeostasis. Interestingly, using a clodronate liposome model with targeted depletion of mature phagocytic macrophages an opposite effect was found with increased trabecular bone mass and increased PTH-induced anabolism. Apoptotic cells were more numerous in MAFIA versus clodronate-treated mice and flow cytometric analyses of myeloid lineage cells in the bone marrow showed that MAFIA mice had reduced CD68
Cellular subpopulations in the bone marrow play distinct and unexplored functions in skeletal homeostasis. This study delineated a unique role of osteal macrophages in bone and parathyroid hormone (PTH)-dependent bone anabolism using murine models of targeted myeloid-lineage cell ablation. Depletion of c-fms + myeloid lineage cells [via administration of AP20187 in the macrophage Fas-induced apoptosis (MAFIA) mouse model] reduced cortical and trabecular bone mass and attenuated PTHinduced trabecular bone anabolism, supporting the positive function of macrophages in bone homeostasis. Interestingly, using a clodronate liposome model with targeted depletion of mature phagocytic macrophages an opposite effect was found with increased trabecular bone mass and increased PTH-induced anabolism. Apoptotic cells were more numerous in MAFIA versus clodronate-treated mice and flow cytometric analyses of myeloid lineage cells in the bone marrow showed that MAFIA mice had reduced CD68
+ cells, whereas clodronate liposome-treated mice had increased CD68
+ and CD163 + cells. Clodronate liposomes increased efferocytosis (clearance of apoptotic cells) and gene expression associated with alternatively activated M2 macrophages as well as expression of genes associated with bone formation including Wnt3a, Wnt10b, and Tgfb1. Taken together, depletion of early lineage macrophages resulted in osteopenia with blunted effects of PTH anabolic actions, whereas depletion of differentiated macrophages promoted apoptotic cell clearance and transformed the bone marrow to an osteogenic environment with enhanced PTH anabolism. These data highlight a unique function for osteal macrophages in skeletal homeostasis.
T he skeleton provides not only physical support but also housing for numerous subtypes of hematopoietic and immune cells. Several lines of evidence suggest that these skeletal and hematopoietic systems in the bone microenvironment are not only structurally adjacent, but also functionally interactive (1) (2) (3) (4) . Maintenance of the hematopoietic stem cell niche and B-lymphocyte differentiation has been attributed to osteoblasts (1, 2, 5) . T lymphocytes support anabolic actions of parathyroid hormone (PTH) in bone via production of osteoblast stimulating Wnt-10b (6) .
Daily intermittent parathyroid hormone (PTH 1-34) administration has prominent anabolic actions in bone and is currently the only approved anabolic agent in the United States for the treatment of osteoporosis. PTH also supports the hematopoietic system by stimulating osteoblastic production of several cytokines, including IL-6 (7, 8) , CXCL12 (9), MCP-1 (also known as CCL2) (10, 11) , and the soluble IL-6 receptor (sIL6R) (4). PTH improved the success rate of hematopoietic stem cell (HSC) engraftment in hematopoietic malignancies and autoimmune diseases via supporting HSC repopulation of the marrow (12) (13) (14) . The dependence of hematopoietic lineage cells for PTH anabolic actions is unknown.
Macrophages are mononuclear cells of the myeloid lineage derived from HSCs. Different types of tissue-resident macrophages include Kupffer cells in the liver, Langerhans cells in the lung, and microglia in the brain. In bone, resorbing osteoclasts have been considered the tissue-resident macrophages. However, recent data showed that distinct from osteoclasts bone contains other resident macrophages, especially in the endosteal and periosteal areas (15) . These "osteal" macrophages support osteoblast differentiation and mineralization in vitro (15) and play a role in intramembranous bone healing at fracture sites (16) . Furthermore, osteal macrophages contribute to the maintenance of the endosteal HSC niches, and loss of osteal macrophages results in the egress of HSCs to the bloodstream (17) . Collectively, osteal macrophages play novel roles in both skeletal and hematopoietic systems, yet knowledge of their functional capacities is limited. PTH anabolic actions have been linked to cells of the myeloid lineage via osteoblast derived sIL6R and Stat3 phosphorylation of CD11b + cells (4) . The purpose of this study was to investigate the role of osteal macrophages in bone remodeling and anabolic actions of PTH in bone.
Results
Osteal Macrophages Were Augmented in PTH-Treated Bones. To investigate the role of osteal macrophages in anabolic actions of PTH in bone, changes in myeloid cells with PTH treatment were determined in vivo. Mice (16 wk old, female) were treated with intermittent PTH (50 μg/kg, daily s.c. injection) or saline for 4 wk and immunohistochemical F4/80 staining was performed. F4/80 + osteomacrophages, characterized by spindle-shaped, elongated cytoplasm (15) , formed a canopy-like structure over the cuboidal-shaped, bone-lining osteoblasts in endosteal regions of PTHtreated bones (Fig. 1A) . In periosteal regions, PTH treatment resulted in increased cellularity of relatively cuboidal-shaped bone-lining cells and recruited F4/80 + osteal macrophages that Significance Cellular subpopulations in the bone marrow play distinct and unexplored functions in the regulation of the skeleton. A type of blood cell that resides in the bone marrow termed "osteal macrophage" was found to play a role in bone homeostasis by supporting bone formation and mediating parathyroid hormone-dependent bone regeneration. Furthermore, induction of cell death in mature macrophages activated the specialized process of efferocytosis (clearance of dead and dying cells), leading to a marrow microenvironment that supported bone formation.
covered the periosteal lining cells. In contrast, control bones showed relatively flattened bone-lining cells with few F4/80 + osteal macrophages in endosteal and periosteal areas. Numbers of F4/80 + cells on endosteal bone surfaces were 2.6-fold higher in PTH versus vehicle (P < 0.01, Fig. 1B ). Collectively, osteal macrophages were augmented and in close proximity to PTHdependent bone remodeling sites, suggesting a role of osteal macrophages in anabolic actions of PTH in bone.
Depletion of Myeloid Cells in MAFIA Mice. The macrophage Fasinduced apoptosis (MAFIA) transgenic mouse model, in which the Csf1r (also known as c-fms) promoter is engineered to express a Fas-based inducible suicide gene and enhanced green fluorescent protein, was used for the depletion of macrophages. With AP20187 ligand injection, systemic and reversible elimination of c-fms + myeloid lineages was induced (18) . After three consecutive days of initial AP20187 (10 mg/kg) injections, 16-wkold female mice attained greater than 80% depletion of c-fms + cells as measured via flow cytometric analyses (Fig. S1 ).
Anabolic Actions of PTH in Macrophage-Depleted MAFIA Mice. Because anabolic effects of PTH in adult murine bone are clearly seen at 6 wk of treatment, the AP20187 ligand injection regimens were optimized for long-term depletion of c-fms + cells. As shown in Fig. 2A , three consecutive injections of AP20187 (10 mg/kg) were followed by booster (1 mg/kg) injections every third day for 3 wk, at which point the dose was reduced to 0.5 mg/kg for the final 3 wk. In preliminary experiments, a higher dose of AP20187 injections in young mice (8-29 d) (five consecutive injections of AP20187 followed by booster injections every other day for 3 wk) resulted in an osteopetrotic phenotype with marked suppression of serum bone turnover markers TRAP5b and P1NP (Fig. S2) .
After 6 wk of depletion with the regimen in Fig. 2A , the MAFIA mice demonstrated grossly white bones ( Fig. 2B ) with mild anemia (24% decreased percentage of hematocrit). Immunohistochemical F4/80 staining showed a marked reduction of brown-stained macrophages in the bone marrow (Fig. 2C) , and H&E staining demonstrated extramedullary hematopoiesis in spleen and liver (Fig. S3) . Furthermore, flow cytometric analyses showed that mature macrophages displaying the specific GR1 − F4/80 + c-fms int SSC int/lo markers (19, 20) (Fig. S4 ) were reduced by 85% (Fig. 2D ) and CD68
+ cells, phagocytosing macrophages (21), by 48% (Fig. 2E ). Serum bone resorption marker TRAP5b showed a 20% reduction at 2 wk, which was restored at 4 wk in the AP20187 group compared with control ( Fig. 2F) . Serum P1NP, a marker for bone formation, was suppressed 70% at 2 wk and 50% at 4 wk with AP20187 treatment (Fig. 2G) .
Having confirmed the feasibility of long-term depletion of macrophages in the MAFIA mouse model, 6-wk intermittent PTH (50 μg/kg, daily s.c. injection) was administered after the initial 3 d of AP20187 injections (10 mg/kg) (Fig. 3A) . After 6 wk, the AP20187 group showed marked reductions of trabecular (55%, Fig. 3B ) and cortical bone volumes (20%, Fig. 3C ) via micro computed tomography (μCT) analysis. Furthermore, PTH showed no anabolic effects on either trabecular or cortical bones in the AP20187 group ( Fig. 3 B and C), whereas controls showed significant increases in trabecular (20%, Fig. 3B ) and cortical bone (7%, Fig. 3C ) in response to PTH treatment. Histomorphometric analysis showed that PTH-dependent increases in trabecular bone area, thickness, and number and reciprocal decreases of trabecular spaces were attenuated in the AP20187 compared with control group (Fig. 4A ). These changes were amplified in histomorphometric analysis compared with micro CT analysis, which focused on a narrow region of interest in the metaphyseal area. Osteoclast numbers (OC.N/BS) in tartrate resistant acid phosphate (TRAP)-stained sections (Fig. 4B ) and serum TRAP5b levels ( Fig. 4C ) were significantly increased with PTH treatment in controls, whereas these PTH effects were lost in the AP20187 group. Furthermore, serum P1NP levels were also increased with PTH in controls, but not in the AP20187 group (Fig. 4D ), suggesting that PTH induced bone remodeling was attenuated in the macrophage-depleted MAFIA mouse model.
Anabolic Actions of PTH in the Clodronate Liposome Macrophage
Depletion Model. The MAFIA mouse model results in a dramatic reduction of all c-fms + cells. The next approach was focused to deplete mature phagocytic macrophages using clodronate liposomes (22) . Intraperitoneal injection of clodronate liposomes (10 μL/g) resulted in 80% depletion of GR1 − F4/80 + SSC int/lo cells at 24-48 h, with more than 50% of the depleted cells recovered after 72 h (Fig. S5) . Hence, clodronate liposomes or PBS liposomes (10 μL/g) were injected for the initial three consecutive days then every third day for 3 wk, and a reduced dose (6 μL/g) was used for the final 3 wk (Fig. 5A ). After 6 wk of clodronate liposome injections, flow cytometric analyses demonstrated that GR1
int/lo macrophages were depleted by 65% (Fig.  5B) . In notable contrast, CD68
+ phagocytic cells were increased per group. **P < 0.01 versus vehicle. Data are mean ± SEM of two independent experiments. n = 6-10 per group. *P < 0.01; ***P < 0.001 versus control.
by 20% (Fig. 5C ) and CD11b + GR1 + F4/80 − immature myeloid cells were robustly increased by 60% (Fig. 5D) .
In contrast to the MAFIA model, long-term depletion of macrophages with clodronate liposomes resulted in high bone mass, independent of PTH ( Fig. 5 E and F) . The μCT analyses demonstrated that the trabecular bone volume was significantly increased (20%) in the clodronate versus PBS liposome group (Fig. 5E ), with no difference noted in cortical bone volume (Fig.  5F ). Consistently, histomorphometric analysis showed that trabecular bone area and trabecular numbers were significantly increased by 64% and 70%, respectively, and trabecular spacing was reciprocally reduced by 40% in the clodronate versus PBS liposome groups (Fig. 6A ).
More interestingly, anabolic actions of PTH were even greater in mice administered clodronate versus PBS liposomes. μCT analyses showed PTH-dependent increases of trabecular bone mass were significantly higher in the clodronate versus PBS liposome groups (50% versus 20%, P < 0.05, Fig. 5E ). Furthermore, histomorphometric analyses consistently revealed that PTH enhanced trabecular bone area (96% versus 63%, P < 0.05) and trabecular number (57% versus 47%, P < 0.05) with clodronate versus PBS liposome treatment (Fig. 6A) . TRAP staining showed that basal numbers and PTH-dependent increases in osteoclast numbers were similar between the PBS and clodronate liposome groups (Fig. 6B) .
To further investigate bone remodeling in this model, serum bone turnover markers, including P1NP and TRAP5b, were measured at 4 and 6 wk. As shown in Fig. 6C , serum P1NP levels were significantly increased in the clodronate liposome group (30%), and PTH-mediated increases of P1NP were higher in clodronate versus PBS liposome groups with marginal significance (Δ50% versus Δ81%, P = 0.07) at 4 wk (Fig. 6C) .
However, basal serum TRAP5b levels and PTH-dependent increases were similar between clodronate and PBS liposome groups at both 4 and 6 wk (Fig. 6D) . Collectively, clodronate treatment resulted in higher bone mass and amplified PTH anabolism with paralleled increases in serum P1NP, suggesting that these bone changes resulted from enhanced bone formation rather than inhibition of bone resorption. 2E) and increased in the clodronate mouse model (Fig. 5C ). Because CD68 has been referred to as an antigen-presenting phagocyte (19, 20) , we evaluated the bone marrow microenvironmental changes in the clodronate liposome mouse model. TUNEL staining of bone sections after 6 wk of treatment revealed that the increase of TUNEL + apoptotic cells in clodronate liposome-treated mice was much less than that in the MAFIA mouse model (fourfold versus 18-fold, P < 0.01, Fig. 7 A and  B) . Because both clodronate liposomes and MAFIA/AP20187 injections resulted in similar macrophage depletions at 6 wk, 85% (Fig. 2D) and 75% (Fig. 5B) , respectively, we deduced that cell clearing processes were activated in the clodronate liposome mouse model, which resulted in the notable differences of TUNEL + cells between MAFIA and clodronate liposome mice. Indeed, flow cytometric analyses showed that cells stained Fig. 3 . μCT analyses of bone in long-term depleted MAFIA mice. (A) Treatment regimen with PTH and AP20187. MAFIA mice (16 wk old, female) were treated with three consecutive AP20187 (10 mg/kg) injections, followed by booster injections every third day (1 mg/kg for 3 wk, then 0.5 mg/kg for 3 wk). Six weeks of intermittent PTH (50 μg/kg) were started after the initial 3 d. Representative images and quantitative analyses of μCT scanning of tibiae for (B) trabecular bone volumes and (C) fractional cortical bone areas. All data are means ± SEM of two independent experiments. n = 8-10 per group. NS, not significant; *P < 0.05 versus vehicle-treated control. with the CD163 + antibody, a member of the scavenger receptor cysteine-rich superfamily (23) , were significantly increased with clodronate liposome treatment (Fig. 7C) .
Bone microenvironments were further investigated. Bone marrow gene expression was investigated after 4 wk of treatment with clodronate liposomes. Real-time PCR analyses showed that genes related to efferocytosis and the M2 phenotype, including MER receptor kinase, milk fat globule-EGF factor 8 (MFG-E8), mannose receptor (MRC1), macrophage scarvenger receptor 1 (MSR 1), scavenger receptors (SR-A and CD36), IL-10, and arginase I, were up-regulated with clodronate treatment, whereas inflammation-related genes such as IL-12, TNFα, IL-1β, and iNOS were not changed between groups (Fig. 7D) . Protein levels of TGF-β1 were increased with clodronate treatment versus PBS (Fig. 7E) . Moreover, mRNA expressions of several osteotropic factors known to support PTH anabolic actions were up-regulated in 4-wk-clodronate liposome-treated bone marrow. TGF-β1 (Fig. 7F) , Wnt-3a (Fig. 7G) , and Wnt-10b (Fig.  7H) were up-regulated with clodronate liposome treatment. The PTH-dependent increases in TGF-β1 (Fig. 7F) and Wnt-3a (Fig. 7G) were higher in clodronate-than in PBS liposometreated marrows, whereas Wnt-10b was significantly increased by PTH only in the clodronate liposome group (Fig. 7H) . Collectively, clodronate liposome treatment resulted in increased M2 macrophages as well as increased tissue regenerating factors.
Discussion
The functional role of osteal macrophages was initially established in supporting the maintenance of HSC niches and stimulating intramembranous bone formation in fracture sites (15) (16) (17) . The actions of macrophages in normal bone remodeling are as yet unclear. The present study showed that osteal macrophages supported bone remodeling in the adult murine skeletal system and that macrophage depletion inhibited PTH anabolic actions in bone. The intriguing finding in this study was that clodronate liposome-induced apoptosis of macrophages paradoxically activated the mononuclear phagocyte system and changed the bone marrow into an osteogenic microenvironment inducing bone formation and augmentation of PTH anabolic actions.
Previous data demonstrated that osteal macrophages stimulated differentiation and mineralization of osteoblasts in vitro, and depletion of osteal macrophages resulted in loss of mature osteoblasts in bone remodeling sites in vivo (15) . The present study further demonstrated that osteal macrophages support bone formation using the MAFIA mouse model. After the 6-wk AP20187 regime, and using the stringent criteria put forth by Chow et al. (21) , more than 80% of macrophages were depleted. In contrast, osteoclasts were not significantly affected, likely owing to the staggered administration of the AP20187 after the initial dosing. This suggests that osteoclastogenesis is more robust and/or a preferred pathway of myeloid lineage differentiation in bone.
Both trabecular and cortical bone volumes were significantly decreased with AP20187-induced macrophage depletion. Serum P1NP levels were significantly decreased at 2 (70%) and 4 (50%) wk whereas TRAP5b showed mild suppression in the AP20187-treated group, suggesting that low bone mass in MAFIA depleted mice mainly resulted from the diminution of bone formation. Furthermore, depletion of macrophages with AP20187 treatment completely blocked PTH anabolic actions in bone with inhibition of PTH-dependent increases of the serum bone turnover markers P1NP and TRAP5b. This reinforces the notion that osteal macrophages play a pivotal role in bone anabolism.
To investigate the effects of osteal macrophages on normal bone remodeling and PTH anabolic actions in bone, long-term depletion of macrophages was essential. Because of the critical role of macrophages in general health, it was not feasible to obtain total macrophage depletion without dire consequences. In the present study, several different regimens were tested and the current one was selected with less than 10% mortality and morbidity (infection etc.). Although the depletion percentages of c-fms + cells were moderate (50%) at 6 wk, further macrophage-specific analyses via flow cytometry, using F4/80 and GR1, showed greater than 80% macrophage depletion via the current regimen and noted alteration in bone phenotypes. The use of the MAFIA mouse in bone biology could seem problematic because osteoclasts might be affected. Indeed, when we used higher or more frequent doses of AP20187 we experienced moderate to severe suppression of osteoclasts with osteopetrotic phenotypes. The mild depletion regimen used in the current study allowed for long-term macrophage-specific reductions to a level that revealed inhibition of bone accrual in normal bone remodeling and PTH anabolic processes.
This study revealed an intriguing finding, that the treatment with clodronate liposomes in vivo paradoxically showed evidence of stimulating the mononuclear phagocyte system for cell clearance, a process termed efferocytosis, and changed the bone microenvironment into one conducive for bone mass accrual and increased PTH anabolic sensitivity. The clodronate liposome model was introduced to further validate the role of osteal macrophages in bone anabolism by using a second and more narrowly focused macrophage depletion model mechanistically unrelated to the MAFIA mouse model. Similar to the MAFIA mouse model, the depletion regimen was adjusted to achieve moderate macrophage depletions with minimum mortality and morbidity. As a result, macrophages reached 65% depletion yet with marked compensatory increases of immature myeloid precursor cells (CD11b
+ cells). One of the notable differences between these two models was that phagocytic myeloid CD68 + cells were reduced in MAFIA mice but increased in clodronate liposome-treated mice. CD68 has been established as a marker for phagocytic myeloid cells including macrophages, dendritic cells, or neutrophils, rather than a specific marker for macrophages (19) . These opposite directional changes of CD68 + cell percentages allowed us to hypothesize that selective depletion of macrophages undergoing engulfment with the clodronate liposome treatment led to compensatory increases in myeloid precursor cells and expansion of the activating mononuclear phagocytic system to clear apoptotic cells and debris.
The process of removing dead cell bodies, efferocytosis, is a rapid host defense process for maintaining tissue homeostasis (24) . During efferocytosis, apoptotic cells release "find me" and "eat me" signals and are recognized by macrophages or other phagocytic cells. Consistent with CD68 + cells, CD163 + cells (23), another marker for phagocytosis, were also increased in clodronate liposome-treated mice. Furthermore, analysis of gene expression showed that the MFG-E8/MER receptor axis, and the scavenger receptors [CD36 and class A macrophage scavenger receptor (SR-A)] were up-regulated in the clodronate liposometreated group compared with controls, supporting this hypothesis. This compensatory mechanism was not possible in MAFIA mice, because the AP20187 depletion affected a broad range of c-fms + myeloid cells, from early precursors to mature macrophages.
More interestingly, M2-macrophage-related genes (IL-10 and arginase I) were increased with reciprocal down-regulation of M1-macrophage-related genes (IL-1, IL-12, iNOS, and TNFα) in the clodronate liposome-treated mice compared with the controls. Macrophages polarize into two different phenotypes (25, 26) : M1 macrophages are classically activated by IFNγ or bacterial LPS and have proinflammatory functions, such as regulating antigen presentation to T cells. In contrast, M2 macrophages are alternatively activated by IL-8 or M-CSF and participate in cell clearance or wound healing processes with anti-inflammatory (F-H) Mice (16 wk old, female) were treated with clodronate liposomes; three consecutive injections were followed by booster injections (every third day, 10 μL/g for 3 wk and 6 μL/g for 1 wk). Four weeks of intermittent PTH (50 μg/kg) were started after the initial 3 d. Whole marrow mRNA was analyzed by real-time PCR using specific primers for (F) Tgfb1, (G) Wnt3a, and (H) Wnt10b. *P < 0.05; **P < 0.01 versus vehicle-treated PBS; # P < 0.05 versus vehicle-treated CLOD. Data are mean ± SEM of two independent experiments. n = 6 per group. CLOD, clodronate liposome; PBS, PBS liposome.
functions. Recent studies showed that several human pathologic conditions with impaired efferocytosis tend to activate M2 macrophage polarization in an attempt to overcome those pathologic conditions (27) (28) (29) . This study showed that long-term stimulation of macrophage apoptosis and partial depletion of mature macrophages resulted in not only activation of efferocytosis but also in stimulation of macrophage polarization. In addition, these microenvironmental changes were accompanied by an increase of several osteogenic factors such as canonical Wnts and TGF-β1. Wnt-3a and Wnt-10b represent canonical Wnt family members with well-established strong anabolic signaling in bone. Interestingly, recent studies demonstrated that macrophage-derived Wnt proteins are essential for tissue regeneration in kidney (30, 31) and liver (32) . In particular, phagocytosis of apoptotic debris was found to stimulate macrophage production of Wnt-3a, which mediated hepatocyte regeneration (32) . Corroborating these previous studies, activated phagocytosis in the present study upregulated Wnt-3a and Wnt-10b in the bone microenvironment, which provided favorable conditions for bone formation, suggesting that the biologic process of cell clearance is commonly followed by signaling for tissue regeneration.
TGF-β1 is a crucial factor produced during efferocytosis (33, 34) and alternative macrophage polarization (35) . It is also released and activated by bone-resorbing osteoclasts and recruits mesenchymal progenitor cells to bone remodeling sites, supporting bone formation (36) . In an irradiation-induced bone marrow ablation model, PTH was found to increase bone more robustly in association with increased macrophages and TGF-β1 (13) . The up-regulation of TGF-β1 in the present study also links to enhanced bone formation ability and PTH anabolic actions.
Maintaining bone homeostasis is an elaborate process based on cellular interactions between osteoclasts, osteocytes, and osteoblasts, and the coupling of bone resorption to bone formation. The present study demonstrated that osteal macrophages play a role in bone remodeling as another cellular component via supporting bone formation and mediating PTH-dependent anabolic actions in bone. Furthermore, induced efferocytosis, linked to M2 macrophage polarization, transformed the bone microenvironment into an osteogenic one via up-regulating canonical Wnts and TGF-β1 production in bone. In conclusion, osteal macrophages in the bone marrow microenvironment highly and favorably affect bone metabolism in support of regeneration and formation.
Materials and Methods
Two murine models of macrophage depletion included the genetic MAFIA model and a clodronate liposome administered model. After 6 wk of intermittent PTH treatment, bone phenotypes were analyzed histomorphometrically, and via microCT analysis. The bone marrow microenvironment was characterized by standard flow cytometric analyses, immunohistochemical staining, real-time PCR, and biochemical assays. More details are included in SI Materials and Methods.
